The ability in providing result that is consistent with actual ranking remains the major concern in group decision making environment. The main aim of this paper is to introduce a novel modification of TOPSIS method to facilitate multi criteria decision making problems based on the concept of Z-numbers called Z-TOPSIS. The proposed method is adequate and intuitive in giving meaningful structure for formalizing information of a decision making problem, as it takes into account the decision makers' reliability. This study also provides bridge with some established knowledge in fuzzy sets to certain extend as to strengthen the concept of ranking alternatives using Z -numbers. To ensure practicality and effectiveness of proposed method, stock selection problem is studied. The ranking based on proposed method is validated comparatively using spearman rho rank correlation. Based on the analysis, the proposed method outperforms the established TOPSIS methods in term of ranking performance Keywords: Type-1 fuzzy number, interval type-2 fuzzy number, z-number, multi-criteria decision making, TOPSIS, stock selection, reliability of information.
Introduction
There has an increasing interest in group decision making technique and a considerable amount of study has published on it. In about forty years since it is introduced , over 70 Multi Criteria Decision Making (MCDM) techniques has developed for facilitating decision making practice [1] . MCDM is a practical tool for selection and ranking of a number of alternatives, its applications are numerous [2] - [5] . Amongst the techniques available, the frequently used are Simple Additive Weighting (SAW) [6] , Analytical Hierarchy Process (AHP) [7] , ELimination and Choice Expressing REality * Typeset names in 10 pt Times Roman, uppercase. Use the footnote to indicate the present or permanent address of the author.
(ELECTRE) [8] , and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) [9] . SAW method is based on the weighted average. An assessment score is considered for all alternatives by multiply the scaled importance given to the alternative of that element with the weights of relative importance directly assigned by decision maker. However, SAW uses only for maximizing assessment criteria, while minimizing assessment criteria should be transformed into the maximizing ones by the respective formulas prior to their relevance [10] . While for AHP, it is based on the decision maker assigning a relative value of weight for all of the criteria by pair-wise comparison. The shortcoming is that the exhaustive pair-wise comparison is tiresome and time consuming when there are a lot of alternatives to considered. On the other hand, ELECTRE which is introduce by [11] , is categorised into three namely Choice problematic, ranking problematic and sorting problematic. For ranking problematic, ELECTRE II, ELECTRE III and ELECTRE IV are used. They are concerned with the ranking of all the activities belonging to a specified set of activities from the greatest to the worst. A major problem with the ELECTRE methods is they use similar threshold values but provide different ranking towards alternatives. Therefore, the aforementioned techniques have limitations from one to another.
In contrary, TOPSIS which is introduced in 1981 [12] , it is a helpful technique in dealing with MCDM problems in real life. It chooses the best alternative in a problem by taking the alternative that has the shortest distance from the positive ideal solution and the farthest from the negative ideal solution. It helps Decision Makers (DMs) solve the problem through analysis, comparisons and rankings of the alternatives. TOPSIS has deemed one of the major decision making techniques. In recent years, TOPSIS has been effectively applied to the areas of human resources management [13] , transportation [5] , product design [14] , manufacturing [15] , water management [16] , quality control [4] , military [2] , tourism [17] and location analysis [18] . In addition, the concept of TOPSIS has also been connected to multiobjective decision making and group decision making. The high flexibility of this concept is able to accommodate further extension to make better choices in various situations.
According to [19] and [20] , TOPSIS has the following three advantages: (i) a sound logic that represents the rationale of individual choice; (ii) a scalar value that record for both the best and worst alternatives concurrently; and (iii) a straightforward computation algorithm that can be easily programmed into a spreadsheet. These advantages make TOPSIS a popular MCDM technique as compared with other related techniques such as AHP and ELECTRE [21] . In fact, TOPSIS is a value-based process that compares each alternative directly depending on information in the evaluation matrices and weights [5] . Thus, TOPSIS is chosen as the main body of expansion in this study.
In 2000, TOPSIS methodology was introduced for the first time in fuzzy environment which believed can provide additional flexibility to represent the uncertainty comparison to non-fuzzy TOPSIS by [22] . After a decade, researcher has established TOPSIS methodology using interval type 2 fuzzy set, which supposed can offer further degree of freedom to represent the uncertainty and the fuzziness of the real world comparison to type 1 version of TOPSIS [23] . Nevertheless, the reliability of the decision information and the experience of the expert are not well taken into consideration in decision process. Therefore the problems arise how confident the decision makers are about their decision. According to [24] , the issue of reliability of information is very important in decision making environment as this is extensively discussed in [25] . The concept of Z-numbers captures the fuzziness of information better than type-1 and interval type-2 fuzzy set. They provide an additional feature which is the reliability of decision makers in representing the fuzziness of the decision makers' preference. Hence, in this methodology, the concept Z-numbers introduced by [25] has been used to propose a novel modification of TOPSIS called Z-TOPSIS which can deal with the reliability of decision maker into the formulation. It seems to be more effective and intuitively significant for formalizing information structure of a decision making problem.
The paper is organized as follows. In the next section, theoretical preliminaries for TOPSIS are given. Section 3 focuses on the proposed TOPSIS method, with various combinations in an algorithm-by-algorithm fashion. Afterwards, the case study on stock selection problem is conducted to illustrate the usefulness of proposed method. For the analysis purposes these results are compared with returns on investment as benchmarking and validated comparatively using Spearman rho rank correlation. In the final section, conclusions are drawn.
Basic Terms and Definitions
In the following, we briefly review some basic definitions of fuzzy sets. These basic definitions and notations are used throughout the paper unless stated otherwise.
Definition 1 [22] : Fuzzy set A fuzzy set is defined on a universe may be given as:
Throughout this paper, type-1 fuzzy number, interval type-2 fuzzy number and Z-number are presented in the form of trapezoidal fuzzy number. It is easy to deal with because it is piece wise linear. On the other hand, the good coverage of trapezoidal fuzzy number is a good compromise between efficiency and effectiveness. 
as shown in Figure 2 , 
Proposed Method
A systematic approach to extend the TOPSIS using Znumber is proposed in this section.
Step 1 is the extension of non-fuzzy TOPSIS, where the concept of Z-number is introduced into the formulation. Z -number enhances the capability of both type -I and type -II fuzzy numbers by taking into account the reliability of the numbers used [25] . This method is very suitable for solving the group decision-making problem under fuzzy environment.
In this paper, the importance weights of various criteria and the ratings of qualitative criteria are considered as linguistic variables. These linguistic variables can be expressed in positive trapezoidal fuzzy numbers as Tables 1, 2 and 3. ( 5, 7, 7, 9 ) Good (G) (7, 9, 9, 10) Very Good (VG) ( 9, 10, 10, 10) In [22] , it is suggested that the decision makers use the linguistic variables in Table 1 , 2 to evaluate the importance of the criteria and the ratings of alternatives with respect to various criteria. In addition to this, Table  3 is proposed here, which is implementing the Z-TOPSIS formulation to deal on decision makers' reliability. The importance of criteria, the rating of alternatives and the reliability of decision makers can be written in the form
The following algorithm is conducted to get the ranking of alternatives, whereby Step 1 is purely from [24] but it make use the linguistics variable for expert's reliability from Table 3 for the component B in Znumber, follows by Step 2-7 are adopted from [22] .
Z-TOPSIS ALGORITHM
Step 1: Used the Information from Table 3 
 is a trapezoidal membership function. The second part (reliability) needs to convert into crisp number using fuzzy expectation as shown in Eq.
where ∫ denotes an algebraic integration. Then add the weight of the second part (reliability) to the first part (restriction). Weighted Z-number can be denoted as shown in Eq. (2) ]
These can be type-1 fuzzy number as shown in Eq.
It is proven in [24] that ' Z has the same Fuzzy Expectation with  Z .
Step 2: Construct Decision Matrix D and Weight

Matrix W
Assume that a decision group has K persons, and then the importance of the criteria and the rating of alternatives with respect to each criterion can be calculated as in Eq. (4). where ̃ for all , and ̃, = 1,2, ⋯ , are linguistic variables. These linguistic variables can be described by fuzzy numbers, ̃= ( , , , , ) and ̃= ( 1 , 2 , 3 , 4 ).
Step 3: Construct Normalized Fuzzy Decision Matrix, ̃ For the purpose of making various scales comparable, linear scale transformation is used to construct normalized fuzzy decision matrix as shown in Eq. (6) Let
where and are the set of benefit criteria and cost criteria, respectively, and
The technique mentioned on top of is to preserve the property that the ranges of normalized fuzzy numbers belong to ] 1 , 0 [ .
Step 4: Construct the Weighted Normalized Fuzzy
Decision Matrix, Ṽ
Considering the different importance of each criterion, we can construct the weighted normalized fuzzy decision matrix as shown in Eq.
Step 
where 
is the distance measurement between two fuzzy numbers.
Step A as approaches to 1. Therefore, according to the closeness coefficient, we can determine the ranking order of all alternatives and select the best one from among a set of feasible alternatives.
Application to a Stock Selection Problem
In this case study the evaluation is done by three decision makers. These financial experts including finance lecturer, fund manager and PhD finance student. They Metronic Global Bhd(S10), Globetronics Technology Bhd(S11), Unisem M Bhd(S12), GHL Systems Bhd(S13), Kobay Technology Bhd(S14), Aliran Ihsan Resources Bhd(S15), Puncak Niaga Holding Bhd(S16), Ranhill Utilities Bhd(S17), Digi.Com Bhd(S18), Time dotCom Bhd(S19), Lingkaran TransKota Hldg(S20), YTL Power International Bhd(S21), BIMB Holdings Bhd(S22), Pan Malaysia Holdings Bhd(S23), Syarikat Takaful Malaysia(S24), Kuchai Development Bhd(S25).
The most importance ratio considered in investment is Market Value of Firm (C1) defined as Market value of firm-to-earnings before amortization, interest and taxes ratio. This ratio is one of the most frequently used financial indicators and the lower this ratio is better [28] . Return on Equity (C2) used to examine how much the company earns on the investment of its shareholders. Portfolio managers examine this ratio very carefully and used it when deciding whether to buy or sell. The higher the ratio is better. Dept/equity ratio (C3), this ratio belongs to long term solvency ratios that are intended to address the firm's long run ability to meet its obligations. So, it is assume by DMs that the lower the ratio the better [29] . Current ratio (C4) is one of the ways to measure liquidity of company. It explains the ability of a business to meet its current obligations when fall due. Higher the ratio is better [30] . Market value/net sales (C5) is market value ratios of particular interest to the investor are earnings per common share, the price-to-earnings ratio, market value-to book value ratio, earning-to-price ratio. The lower the ratio is the better [31] . Price/earnings ratio (C6) measure the ratio of market price of each share of common stock to the earnings per share, the lower this ratio is better. In the case study, the alternative of decision makers to be rank and to be weighted according to the above mention ratios are 25 stocks listed in Bursa Malaysia.
In this study, Microsoft Excel is used to calculate all the calculation involved in the evaluating the ranking of stocks and the weight of each criterion. The processes of evaluating the ranking and weight of each stock are as follow the proposed methods. The DMs use the linguistic weighting variable in Table 1 to assess the importance of the criteria ,and make use information in Table 3 to measure the DMs reliability when assess the criteria then we represent it in the z-number form ) , ( B A Z  as Table  4 below: Afterward, the DMs use the linguistic rating variable in Table 2 to evaluate the rating of stock with respect to each criterion and use information in Table 3 to cooperate DMs reliability in evaluating the stock performance with respect to each criterion. Table 4 : Importance of the criteria and the DMs reliability
All linguistic terms can be express as trapezoidal fuzzy number as shown in Table 1 , 2 and 3. The Z-TOPSIS Algorithm introduced in Section 3 is now illustrated for the case study of stock selection problem.
to Derive Component B, and Then Convert Z-Number to Type-1 Fuzzy Number
In this subsection, using Eq. (1)- (3), the important of criteria C1 from In this case, the rating of S1 and weight respect to C1 is calculated using Eq. (4) rating of stock, using Eq. (4). Table 5 .
Discussion of Results
The ranking produced by Z-TOPSIS (see Table 5 ) is compared with the type-1 TOPSIS method and interval type-2 TOPSIS method as shown in Table 6 In the stock market, a price change or return in investment is the difference in trading prices from one period to the next or the difference between the daily opening and closing prices of a share of stock. For example, let's say Company Malaysian Pacific Industries (S2) shares opened at MYR8.60 and closed at MYR9.30. The price change is MYR0.7 or percentage of return is MYR0.7/MYR8.60 x 100 = 8.14%. As shown in Table 8 .
In the real stock market, the greater the positive price change/returns, the more desirable the stock. Likewise, the greater the negative price change/returns the less desirable the stock. The statistical method, spearman rho correlation, is used in this study to identify and test the strength of a relationship between ranking based on TOPSIS methods and ranking based on returns on investment. At the same time, its measure the efficiency in terms of methods based on rankings performance as shown in Table 9 RANK Table 6 : Ranking based on type 1 TOPSIS Table 7 : Ranking based on interval type 2 TOPSIS ranking based on existing non rule based approach and actual price change. The rankings are compared descriptively using Spearman rho correlation. The advantages of this correlation method are its easy algebraic structure and intuitively simple interpretation. Besides this, the method is less sensitive to bias due to the effect of outliers and can be used to reduce the weight of outliers (large distances get treated as a one-rank difference). In general, the coefficient of rho   
